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>ŝŵĞƐƚŽŶĞ
ĨŝŶĞƐ;ŐŵͿ
ϯϯϱ ϯϴϯ ϰϬϬ ϰϯϮ ϰϲϱ ϰϬϬ ϰϰϱ ϰϳϭ ϰϵϬ ϱϯϱ ϱϱϬ ϲϲϬ ϲϵϳ ϳϳϬ ϴϰϯ
ĚƵƐƚнƐůƵĚŐĞ
ƉĞůůĞƚƐ;ŐŵͿ
Ϭ ϯϬϬ ϰϬϬ ϲϬϬ ϴϬϬ Ϭ ϯϬϬ ϰϬϬ ϲϬϬ ϴϬϬ Ϭ ϯϬϬ ϰϬϬ ϲϬϬ ϴϬϬ
2472   Prince Kumar Singh et al. /  Procedia Materials Science  5 ( 2014 )  2468 – 2477 
Ϯ͘ϰ͘ WƌŽĚƵĐƚŝǀŝƚǇŽĨƐŝŶƚĞƌŝŶŐŵĂĐŚŝŶĞ
$WWKHHQGRIVLQWHULQJH[SHULPHQWWKHSURGXFHGVLQWHUZDVVFUHHQHGRYHUDVLHYHRIPPWRGHWHUPLQHWKH
SURGXFWLYLW\RIWKHPDFKLQHE\XVLQJWKHIRUPXOD
  α 

ʹ
Ȁ
:KHUHDV
6 $PRXQWJUHDWHUWKDQPP
+ +HLJKWRIWKHFKDUJHWLPHRIVLQWHULQJ
. %XONGHQVLW\RIWKHVLQWHU
/ 0DFKLQHFRQVWDQW
5HGXFLELOLW\RIVLQWHU
5HGXFLELOLW\RIWKHVLQWHUZDVPHDVXUHGE\ZHLJKWORVVPHWKRGE\FDUERQPRQRR[LGHDWWKHUDWHRIOPLQDQG
WKHJDVZDVEORZQDWLQWKHUDWLRRIRIQLWURJHQWRFDUERQPRQR[LGHDWWHPSHUDWXUH &DQGUHGXFWLRQWLPH
PLQ
Ψ α  ȋȂ 	ȌȀͳͲͲ
7HVWLQJRIVLQWHU
7KHVLQWHUVWUHQJWKZDVPHDVXUHGE\6KDWWHUWHVW7XPEOHUWHVWDQG$EUDVLRQWHVW
 5HVXOWVDQG'LVFXVVLRQ
ϯ͘ϭ͘ ĨĨĞĐƚŽĨĚŝĨĨĞƌĞŶƚƉĂƌĂŵĞƚĞƌŽŶƚŚĞƐŝŶƚĞƌŝŶŐƚŝŵĞ
7KHVLQWHULQJWLPHZDVGHWHUPLQHGE\WKHWLPHHODSVHGIURPWKHVWDUWRILJQLWLRQXQWLOWKHH[KDXVWJDVWHPSHUDWXUH
UHDFKHVWKHPD[LPXPDVVKRZQLQWKHILJ
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UH
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7LPHPLQ
&ŝŐ Ϯ dĞŵƉĞƌĂƚƵƌĞŽĨǁŝŶĚďŽǆǀƐ͘ƚŝŵĞĨŽƌĂƚǇƉŝĐĂůƐŝŶƚĞƌŝŶŐĞǆƉĞƌŝŵĞŶƚ
$W\SLFDOVXFWLRQSUHVVXUHYHUVXVWLPHSORWLVVKRZQLQILJV   DQG  DWGLIIHUHQWRSHQLQJRIYDOYHDV
DQGUHVSHFWLYHO\
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7LPHPLQ
)LJ  6XFWLRQSUHVVXUHYVWLPHIRUVLQWHULQJH[SHULPHQW
DWYDOYHRSHQ
)LJ  6XFWLRQSUHVVXUHYVWLPHIRUVLQWHULQJH[SHULPHQWDW
9DOXHRSHQ
7KHDERYH ILJXUHV VKRZ WKDW WKHVXFWLRQZDVUHJXODWHGE\DYDOYH$OO WKHDERYH ILJXUHV VKRZ QHDUO\ WKH
VDPHEHKDYLRXUDVSUHVVXUHLQFUHDVHZLWKWLPHLQLQLWLDOVSDQDQGWKHQGHFUHDVHV:KHUHDVILJ  LOOXVWUDWHGWKDWWKH
KLJK VXFWLRQ SUHVVXUH ZDV DFKLHYHG DW PLQLPXP WLPH ZKHQ WKH YDOYH ZDV RSHQHG DW  $IWHU UHDFKLQJ WKH
PD[LPXP WHPSHUDWXUH WKH KRW VLQWHU ZDV DOORZHG WR FRRO 7KH WLPH WR UHDFK PD[LPXP WHPSHUDWXUH LV WDNHQ DV
VLQWHULQJWLPH
 %HKDYLRURIZDVWHRQFRNHUDWHNJWRIVLQWHU
)LJXUH VKRZVWKHHIIHFWRIZDVWHDGGLWLRQRQFRNHUDWHNJWRIVLQWHU,WLVVHHQWKDWFRNHUDWHGHFUHDVHVZLWK
LQFUHDVH LQ ZDVWH 7KHZDVWH FRQWDLQV VRPH IL[HG FDUERQ LQ IOXH GXVW  DQG VOXGJH SHOOHWV ZKLFK
UHGXFHVWKHFRNHUHTXLUHPHQWGXULQJDFWXDOVLQWHULQJ:LWKWKHLQFUHDVHLQZDVWHSHUFHQWDJHPRUHFDUERQLVDYDLODEOH
GXULQJVLQWHULQJZKLFKLQWXUQGHFUHDVHVWKHFRNHUDWH7KHFRNHUDWHZDVDERYHNJWRIVLQWHUFDOFXODWHGRQWKH
EDVLVRIDPRXQWRIFRNHEUHH]HDGGHGLQVLQWHULQJFKDUJHDQGSURGXFHGVLQWHURIVL]HDERYHPP
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